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Talking Points
1. Overview of hotspot identification (HSID) 
methods
2. Challenges with HSID
3. Bringing crash severity into the ‘mix’
4. Case Study: Truck Involved Crashes in 
Arizona
5. Conclusions
What does hotspot screening involve?
• A routine DOT function is to identify system 
locations that may have safety defects and 
then improve them (mandated in US)
• Because there are many “candidate” sites, 
“analytical screening” is necessary
• After potential hotspots are identified, site 
visits are conducted to identify possible 
problems and fixes
How is HSID done in practice?
1. A statistical (mathematical) model is 
estimated (using all similar sites) to 
predict the expected safety 
performance of an individual site (as a 
function of traffic volume, speed limit, 
road design, etc.)
2. Individual site performance is compared 
to the ‘average’ to see which ones are 
under-performing
Safety Data Analysis Tools 
Workshop – March 2006 –
Washington, D.C.
0
20
40
60
80
100
120
140
160
20,000 40,000 60,000 80,000 100,000 120,000 140,000 160,000 180,000 200,000
AADT
A
PM
PY
Example: (adatped from Kononov)
Urban 6-Lane Freeways
1.5σ
1.5σ
130,000 AADT Corresponds to
An Expected Accident Frequency of
60 Accidents Per Mile Per Year
What happens when mistakes are made?
1. When a site is wrongly identified as a 
potential hotspot (a false positive), a crew is 
sent to the site to investigate, sometimes 
close the road, etc. (expensive)
2. When a hotspot is not identified (a false 
negative), an opportunity to reduce 
injuries/fatalities is missed—and resources 
are directed for lesser public good
Identifying hotspots is NOT 
straightforward
• ≈ 60% of property damage crashes not 
reported
• ≈ 90% of crashes caused by human error: 
large random component to crash occurrence
• Preponderance of “zeroes” in crash data
• Traditional hotspot screening methods do not 
deal with crash severity rigorously
Typical crash data: crash 
frequency across sites
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Consider Hauer’s definition 
of safety :
“Safety is the number of crashes, or 
crash consequences, by kind and 
severity, expected to occur on the 
entity during a specified period”
Problem with current practice 
Both practice and academia have 
focused on the development of 
methods for predicting crash 
frequencies—paying mainly lip 
service to severity. 
Nearly all regularly practiced HSID 
screening methods are frequency-
based. 
Safety is two-dimensional—we need 
to know crash frequency and severity 
to obtain an accurate picture
Consider other disciplines: 
Pavements
Damage done to pavements is a non-linear 
function of the weight or load per axle. The 
pavements profession developed axle load 
equivalency factors to assess pavement damage. 
The relation is in fact so non-linear that for a 
flexible pavement (with terminal serviceability 
index = 2.5 and Structural Number = 3) a 20,000 
lb single axle load does 1620 times the 
damage to pavement than does a 2000 lb 
single axle load. 
PDOE Weighting equation
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This weighting scheme introduces 
complexity to modelling. Whereas 
crash frequencies are often 
approximately Poisson or extra-
Poisson distributed, PDOEs have 
no particular ‘well behaved’ 
qualities about them.  
Where are weights obtained?
 
Case Study
Investigating truck involved 
crashes in Arizona
Project goal and objectives
• To screen high speed limited access and 
rural highways to find “potential” hotspots
• After screening and subsequent site visits, 
identify engineering countermeasures for 
reducing commercial vehicle (CV) crashes
Definition of large trucks
• Any vehicle with gross vehicle weight more 
than 10,000 lbs.
• FHWA classification of vehicles: class 4-13
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Data
• ALISS crash data, 2001-2006 
– Crash information: date, time, number of injuries, 
daylight, weather conditions, traffic way, intersection 
related, type of junction, damage severity, injury severity
– Traffic control and unit type
– Road and vehicle characteristics
• Traffic data from ADOT and PMS database: traffic 
volumes and proportion of trucks
• Highway log and photo log
• Site visits (sub-sample)
Variables
Variable 
Mnemonic Description of Variable
crashfreq Number of crashes
PDOE Number of equivalent property damage only crashes
AADT
Average Annual Daily Traffic in tens of thousands of 
vehicles per day
AADT2 Square of Average Annual Daily Traffic
T-factor Proportion of truck traffic
speed Speed in mph
spdlow Indicator variable(=1) if speed limit <45 mph
spd45 Indicator variable(=1) if speed limit 45 mph
spd55 Indicator variable(=1) if speed limit 55 mph
spd65 Indicator variable(=1) if speed limit 65 mph
spd75 Indicator variable(=1) if speed limit 75 mph
i Indicator variable for Interstates
s Indicator variable for State Routes
u Indicator variable for US Routes
Modeling results: count model
Variable Co-efficient Standard Error 95% Confidence Limits P[|Z|>z]
Intercept -0.3539 0.0506 -0.4532 -0.2547 <.0001
AADT 0.2672 0.0052 0.257 0.2773 <.0001
AADT2 -0.0064 0.0002 -0.0069 -0.006 <.0001
T-factor 0.9868 0.1152 0.761 1.2125 <.0001
spdlow -0.9808 0.0842 -1.1458 -0.8157 <.0001
spd45 -1.0789 0.068 -1.2122 -0.9456 <.0001
spd65 -0.4442 0.0491 -0.5404 -0.3479 <.0001
spd75 -0.5374 0.0446 -0.6249 -0.45 <.0001
s -1.1072 0.0557 -1.2165 -0.998 <.0001
s*spdlow 1.2926 0.1224 1.0527 1.5324 <.0001
s*spd45 1.3914 0.0943 1.2065 1.5764 <.0001
s*spd65 0.513 0.0709 0.3741 0.6519 <.0001
u -0.8162 0.0673 -0.9481 -0.6844 <.0001
u*spdlow 0.8743 0.135 0.6097 1.139 <.0001
u*spd45 1.2365 0.1155 1.0101 1.4629 <.0001
u*spd65 0.2483 0.0841 0.0835 0.4131 0.0032
Dispersion parameter for count data model
Alpha 0.3796 0.0143 0.3515 0.4076
Log-Likelihood -2884.3839
Chi-Squared 14729.9978
Modeling results: PDOE model
Variable Co-efficient Standard Error 95% Confidence Limits P[|Z|>z]
Intercept 3.5225 0.1014 3.3237 3.7212 <.0001
aadt 0.1438 0.0169 0.1108 0.1769 <.0001
aadt2 -0.003 0.0008 -0.0044 -0.0015 <.0001
T_factor 1.5843 0.2793 1.0369 2.1316 <.0001
s -0.2511 0.1016 -0.4502 -0.0521 0.0134
spdlow -0.8229 0.1246 -1.0671 -0.5786 <.0001
sp45 -1.1511 0.1938 -1.531 -0.7712 <.0001
sp65 -0.2695 0.0813 -0.4288 -0.1102 0.0009
s*sp45 1.5019 0.2463 1.0191 1.9847 <.0001
s*sp65 0.3361 0.1311 0.079 0.5931 0.0104
spdlow*u 0.7993 0.2178 0.3724 1.2263 0.0002
sp45*u 1.3105 0.276 0.7695 1.8515 <.0001
Dispersion parameter for PDOE model
Alpha 10.2998 0.129 10.0469 10.5526
Log-Likelihood 5787599.557
Chi-Squared 30735.119
Hotspots identified: Count 
model
Hotspots identified: PDOE model
Top 50 Hot Spot Statistics Based on Count and PDOE Methodology
Hot Spot 
Ranking 
Count Model PDOE Model Hot Spot 
Ranking 
Count Model PDOE Model 
Route Milepost Route Milepost Route Milepost Route Milepost 
1 I-10 145 I-10 125 26 US-89 419 I-40 218 
2 I-10 144 I-17 204 27 I-17 198 I-40 259 
3 US-60 173 I-10 145 28 I-10 126 I-40 313 
4 I-17 195 U-60 173 29 I-10 143 I-10 31 
5 I-10 146 S-68 0 30 I-10 124 I-17 225 
6 I-10 150 I-10 182 31 US-60 175 I-10 356 
7 I-17 196 I-10 150 32 I-10 127 I-10 101 
8 I-10 128 I-17 201 33 US-60 177 I-10 223 
9 SR-202 0 I-10 95 34 I-10 147 I-10 142 
10 I-10 136 I-10 72 35 I-10 138 I-10 138 
11 I-17 199 I-10 235 36 US-60 148 S-84 163 
12 I-17 200 I-10 146 37 SR-280 1 I-10 263 
13 I-10 142 U-60 293 38 SR-101 2 I-40 40 
14 I-17 201 I-10 132 39 I-17 197 I-40 292 
15 I-10 153 S-87 139 40 I-17 217 S-85 149 
16 I-10 141 I-17 200 41 US-60 184 I-10 174 
17 SR-95 249 I-10 301 42 I-10 289 I-17 195 
18 I-40 195 I-10 136 43 I-40 191 I-10 89 
19 US-60 178 I-10 173 44 US-60 142 I-10 181 
20 I-10 151 I-10 190 45 I-40 229 U-60 45 
21 US-60 179 I-10 147 46 I-10 264 I-10 116 
22 US-60 174 S-68 25 47 SR-68 0 I-10 310 
23 SR-89 334 I-10 87 48 I-10 125 I-10 219 
24 I-10 129 I-10 124 49 I-17 249 I-10 107 
25 SR-68 5 S-68 2 50 I-17 247 S-68 23 
 
Hot Spot Statistics Based on PDOE Methodology
Route MP 
Crash 
Count 
AADT         
(104 vehs/day) 
Truck 
percentage 
Speed 
limit 
Fatality 
Major 
injury 
Minor 
injury 
PDO 
I-10 125 41 6.83 42.0% 75 2 5 8 26 
I-17 204 73 20.33 10.3% 55 2 4 23 44 
I-10 145 233 26.02 10.3% 55 2 3 59 169 
US-60 173 148 17.00 15.2% 55 1 5 42 100 
SR-68 0 16 1.69 8.7% 45 2 2 3 9 
I-10 182 19 5.20 26.8% 75 2 2 3 12 
I-10 150 130 25.52 10.3% 55 1 4 24 101 
I-17 201 133 19.35 10.3% 55 1 4 35 93 
I-10 95 14 2.36 41.4% 75 1 3 5 5 
I-10 72 10 2.51 41.4% 75 1 3 0 6 
I-10 235 14 4.28 34.1% 75 1 3 2 8 
I-10 146 145 27.23 10.3% 55 0 5 40 100 
US-60 293 6 0.27 10.6% 35 0 4 1 1 
I-10 132 51 10.65 41.5% 65 3 1 9 38 
SR-87 139 7 0.60 9.6% 65 2 1 1 3 
I-17 200 93 10.92 10.3% 55 1 3 23 66 
I-10 301 17 3.18 31.9% 75 2 1 3 11 
I-10 136 109 13.01 10.3% 55 1 3 15 90 
I-10 173 19 4.70 26.8% 75 2 1 6 10 
I-10 190 16 3.79 29.3% 75 2 1 1 12 
 
Hotspots compared
• Average traffic and crash characteristics
Average Per Site Average Per Crash
Hot Spots (Count 
model)
Hot Spots (PDOE 
model)
Hot Spots (Count 
model)
Hot Spots (PDOE 
model)
AADT (104 vehs/day) 11.95 7.06 - -
Truck percentage 17% 26% - -
Speed limit (mph) 58 65 - -
Crash count 76 42 - -
Fatal crash 0.38 1.14 0.005 0.027
Major injury crash 1.78 2.36 0.024 0.057
Minor injury crash 17.58 9.32 0.233 0.224
PDO crash 55.84 28.80 0.739 0.692
PDOE 2444 3887 32.33 93.40
Common Hotspots 
Route MP
Rank in 
Count
Rank in 
PDOE
I-10 145 1 3
US-60 173 3 4
I-17 195 4 42
I-10 146 5 12
I-10 150 6 7
I-10 136 10 18
I-17 200 12 16
I-10 142 13 34
I-17 201 14 8
I-10 124 30 24
I-10 147 34 21
I-10 138 35 35
SR-68 0 47 5
I-10 125 48 1
Site Visits
Site analysis and 
countermeasures
• Examples of risk factors
– Lane width, lighting (MP 145, I-10W)
Site analysis and 
countermeasures
• Examples of risk factors
– Shoulder width (MP 201, I-17S)
Site analysis and 
countermeasures
• Examples of risk factors
– Acceleration lane (MP 195, I-17N)
Site analysis and 
countermeasures
• Examples of risk factors
– Signage (MP 146, I-10E)
Site analysis and 
countermeasures
• Examples of risk factors
– Curvature (MP147, I-10)
Site analysis and 
countermeasures
• Examples of risk factors
– Heavy congestion and weaving
off-ramp to N 35th St.
Merge from N 27th St.
Merge from I-17
Conclusions I
• Heavy duty trucks have different performance envelopes 
than passenger cars and have more difficulty weaving, 
accelerating, and braking
• Passenger vehicles have extremely limited sight 
distance around trucks
• Lane and shoulder widths affect truck crash risk more 
than passenger cars
Conclusions II
• Using PDOEs to model truck crashes results in a 
different set of locations to examine for possible 
engineering and behavioral problems
• PDOE models point to higher societal cost locations, 
whereas frequency models point to higher crash 
frequency locations
• PDOE models are less sensitive to unreported crashes
• PDOE models are a great complement to existing 
practice
